One of the specific examples of plasma metamaterials is described in the following. When we install a negativepermeability material such as an array of double split ring resonators in a reactor space, 1 the microwave with low energy density cannot propagate since refractive index is imaginary. However, if the microwave energy is high enough to generate an overdense plasma with negative permittivity, the microwave can propagate due to transformation of the refractive index from imaginary to real (negative) values. Furthermore, this evolution process is quite nonlinear with two saddle-node bifurcations. 1, 3 That is, if we consider them as media of electromagnetic waves, they will show strong nonlinear properties with memory effects. From the point of view of new plasma sources, they will provide overdense plasmas for high throughput processing reactors.
The frequencies of plasma metamaterials are in microwaves, THz waves, may be in infrared rays, and even can be in visible lights according to the corresponding electron densities of the plasmas. A wide variety of studies related to processing plasmas, fusion plasmas and space plasmas will be activated by the concepts of plasma metamaterials.
